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(57) ABSTRACT

A 3D image display device mainly includes a multi-view
image, a view memory, a memory image configuration, com-
bination, and conversion procedure, a display memory, a con-
version display controller, a display screen having sub-pixels
in Delta configuration, and a view separation device. The
memory image configuration, combination, and conversion
procedure mainly performs processes of sub-pixel image
configuration sequence conversion and multi-view image
combination on the multi-view image, and outputs a recov-
ered multi-view combined image. The conversion display
controller mainly performs sub-pixel image data configura-
tion sequence conversion on image data on even-numbered or
odd-numbered horizontal scan lines of the recovered multi-
view combined image, and then outputs the horizontal scan
image data. The display screen having sub-pixels in Delta
configuration receives the horizontal scan image data and
displays the recovered multi-view combined image. The view
separation device performs view separation on the recovered
multi-view combined image to provide a 3D image.
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1
3D IMAGE DISPLAY DEVICE

BACKGROUND OF THE INVENTION

1. Field of Invention

The present invention relates to a 3D image display device,
mainly including a multi-view image, a view memory, a
memory image configuration, combination, and conversion
procedure, a display memory, a conversion display controller,
adisplay screen having sub-pixels in Delta configuration, and
a view separation device, in which the memory image con-
figuration, combination, and conversion procedure mainly
performs processes of sub-pixel image -configuration
sequence conversion and multi-view image combination on
the multi-view image, and outputs a recovered multi-view
combined image; the conversion display controller mainly
performs sub-pixel image data configuration sequence con-
version on image data on even-numbered or odd-numbered
horizontal scan lines of the recovered multi-view combined
image, and then outputs the horizontal scan image data; the
display screen having sub-pixels in Delta configuration
receives the horizontal scan image data and displays the
recovered multi-view combined image; and the view separa-
tion device performs view separation on the recovered multi-
view combined image to provide a 3D image.

2. Related Art

FIG. 1 is a schematic view of a flat panel display screen
having R, G, B sub-pixels generally in horizontal strip con-
figuration in the prior art. The flat panel display screen 100 is
formed by NxM R, G, B sub-pixels and has the characteristic
othorizontal strip configuration. N indicates a total number of
sub-pixels in a horizontal direction (X-axis) of the display
screen, and M indicates a total number of sub-pixels in a
vertical direction (Y-axis) of the display screen. j, 1 are indices
of horizontal and vertical positions of a single sub-pixel, and
the single sub-pixel has a size of p;xp. The horizontal strip
configuration refers to that the R, G, B sub-pixels on any
horizontal scan line are configured in an R, G, B sequence in
the horizontal direction, so as to form a strip structure having
color distribution; while in the vertical direction, the sub-
pixels having the same color form a strip structure having a
single color.

For the flat panel display screen having sub-pixels in Delta
configuration, FIG. 2 is a schematic view of a geometrical
structure generally having sub-pixels in right shifted Delta
configuration. Compared with even-numbered horizontal
scan lines (i.e., the value of i is an even number), the geo-
metrical positions of all odd-numbered horizontal scan lines
(i.e., the value of’i is an odd number) are shifted rightwards for
a half of a sub-pixel width p;/2; and meanwhile, image data
on all the odd-numbered horizontal scan lines is reconfigured
(e.g., a configuration of B, R, G) in a unit of one group of R,
G, B pixels, so that the image on any two adjacent even-
numbered and odd-numbered horizontal scan lines, as shown
in FIG. 4, is in Delta configuration, thus forming a display
screen 110 having sub-pixels in right shifted Delta configu-
ration.

FIG. 3 is a schematic view of a geometrical structure gen-
erally having sub-pixels in left shifted Delta configuration.
Compared with the even-numbered horizontal scan lines, the
geometrical positions of all the odd-numbered horizontal
scan lines are shifted leftwards for a half of the sub-pixel
width p,/2; and meanwhile, the image data on all the odd-
numbered horizontal scan lines is reconfigured (e.g., a con-
figuration of G, B, R) in the unit of one group of R, G, B
pixels, so that the image on any two adjacent even-numbered
and odd-numbered horizontal scan lines, as shown in FIG. 5,
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2

is in Delta configuration, thus forming a display screen 120
having sub-pixels in left shifted Delta configuration.

Additionally, FIG. 6 is a schematic view of another display
screen generally having sub-pixels in right shifted Delta con-
figuration. The display screen 130 having sub-pixels in right
shifted Delta configuration has sub-pixels in a G, B, R
sequence configuration on the even-numbered horizontal
scan lines, and has sub-pixels in an R, G, B sequence con-
figuration on the odd-numbered horizontal scan lines. Here-
inafter, the screens as shown in FIG. 4 and FIG. 6 are gener-
ally referred to as the display screens having sub-pixels in
right shifted Delta configuration. For differentiation and con-
venience of illustration in the following context, the screen in
FIG. 4 is also referred to as a display screen having sub-pixels
in right shifted even Delta configuration; and the screen in
FIG. 6 is referred to as a display screen having sub-pixels in
right shifted odd Delta configuration.

FIG. 7 is a schematic view of another display screen gen-
erally having sub-pixels in left shifted Delta configuration.
The display screen 140 having sub-pixels in left shifted Delta
configuration has sub-pixels in a B, R, G sequence configu-
ration on the even-numbered horizontal scan lines, and has
sub-pixels in an R, G, B sequence configuration on the odd-
numbered horizontal scan lines. Hereinafter, the screens as
shown in FIG. 5 and FIG. 7 are generally referred to as the
display screens having sub-pixels in left shifted Delta con-
figuration. For differentiation and convenience of illustration
in the following context, the screen in FIG. 5 is also referred
to as a display screen having sub-pixels in left shifted even
Delta configuration; and the screen in FIG. 7 is referred to as
a display screen having sub-pixels in left shifted odd Delta
configuration.

For the display 110 screen having sub-pixels in right
shifted even Delta configuration in FIG. 4, ROC Patent Appli-
cation No. 099127429 proposes a 2-view 3D image combi-
nation formula, in which a 2-view slantwise step parallax
barrier is used to perform view separation on a 2-view 3D
combined image produced according to the formula so as to
display a 3D image. The formula and the design of the 2-view
slantwise step parallax barrier are respectively illustrated as
follows.

Firstly, two single-view images V,,, V, having a parallax
effect are expressed by the following formulas:

M-1N-1

Vo= Z 174

®

.

—1N-1

S

=

@

N

V=

i

I
=3

where V"7, V|7 are sub-pixel image data at a position (i,j)
in the single-view images V,, V.V, V, arerespectively aleft
image and a right image, or vice versa. The 2-view 3D com-
bined image %, is expressed by the following formula:

M-1N-1

=5

i=0 j

=

®

inJ
Vi

i
=3
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where M, N, i, j, V' are defined as described above. A is
an index of the single-view image, and is determined by the
following formula:

A= Mod[inr[%m(é)], 2}

where m is a number of sub-pixels for forming a transverse
display unit of the smallest view image and a value thereofis
an integer mZ1, and mpy;is a horizontal width of a transverse
display unit of the smallest view image (for simplicity of
drawings, m=3 is taken as an example for illustration). int(x)
is an integer function, when x=0 and a=x=a+b whereais a
positive integer including 0 and b is a positive real number
0=b<l, int(x)=a; and when x<0 and —a=x<-a+b, int(x)=-a.
Mod(x,2) is a x+2 residue function, when x=0 and x=2a+c,
Mod(x,2)=c where c is a positive real number of 0=c<2; and
when x<0 and x=-2a+c, Mod(x,2)=c. It is obtained through
the calculation based on Formula (4) that the value of A is 0 or
1, and a 2-view 3D combined image >, as shown in FIG. 8 is
achieved.

The view separation device for processing the 2-view 3D
combined image X, in FIG. 8 is a 2-view right slantwise step
parallax barrier. FIG. 9 is a schematic view of structure of a
2-view right slantwise step parallax barrier. The 2-view right
slantwise step parallax barrier 200 is mainly formed by a
plurality of light-transmissive elements 201 having a step
structure and shielding elements 202. In the structure, the
light-transmissive elements 201 and the shielding elements
202 firstly form a basic barrier structure unit 203; then, a
plurality of the basic barrier structure units 203 forms a bar-
rier horizontal line structure unit 204 along a horizontal direc-
tion in a repetitive configuration manner; thereafter, a plural-
ity of the barrier horizontal line structure units 204 forms the
2-view slantwise step parallax barrier 200 along a vertical
direction in a repetitive configuration manner; and any two
adjacent upper and lower barrier horizontal line structures in
the vertical direction of all the barrier horizontal line structure
units 204 are arranged in the horizontal direction in a manner
that the lower horizontal line structure is shifted rightwards
by a displacement of p;/2 relative to the upper horizontal line
structure. Additionally, the light-transmissive element 201
and the shielding element 202 respectively have a horizontal
width By, Bpoy and a vertical height By, which are
expressed by the following formulas:

)

By = L 2WLE ®
W= Pow + Lg
Bpw = Bpw (6)
Bpw M
Bpy = PooPH
DW

where L is an interpupillary distance (IPD); and P, ;. is a
horizontal width of a transverse display unit of the smallest
view image and is set to satisfy the following relation:

®

where m is a number of sub-pixels for forming a transverse
display unit of the smallest view image and a value thereofis
an integer m=1, and mp ,-is a horizontal width of a transverse
display unit of the smallest view image. Additionally, the
patent also proposes a method of properly reducing a hori-

Pop=mp -
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zontal width B,,,;-and a vertical width B, of an opening of
the light-transmissive element 201 of the parallax barrier 200,
s0 as to increase the horizontal and vertical viewable ranges.

Moreover, referring to ROC Patent Application No.
099128602, the view separation device for processing the
2-view 3D combined image X, in FIG. 8 is also a 2-view right
slantwise strip parallax barrier. FIG. 10 is a schematic view of
structure of a 2-view right slantwise strip parallax barrier. The
2-view right slantwise strip parallax barrier 300 is mainly
formed by a plurality of light-transmissive elements 301 hav-
ing a slantwise strip structure and a plurality of shielding
elements 302 having a slantwise strip structure, and the light-
transmissive elements 301 and the shielding elements 302 are
alternately configured along the horizontal direction. The
light-transmissive element 301 and the shielding element 302
respectively have a horizontal width B, Bggand a slant angle
0, which are expressed by the following formulas:

_ Pylg
T Pss+Lg

9
Bes ©

Bss = (n— 1)Bss (10)

an

O:tan’l( Pw )

2pn

where n is a total number of views, and when n=2, it is
applicable to a 2-view design. Therefore, the above Formula
(10) is a general formula, and is applicable to a multi-view
design having the number of views greater than 2; L. is an
IPD; for the slant angle 8, when 6>0, the structure of the strip
parallax barrier has a right slant characteristic from top to
bottom; and P is a horizontal width of a transverse display
unit of the smallest view image and is set to satisty the
following relation:

Pge=mpy; (12)

where m is a number of sub-pixels for forming a transverse
display unit of the smallest view image and a value thereofis
aninteger m=1, and mpy, is a horizontal width of a transverse
display unit of the smallest view image. Additionally, the
Patent No. 099128602 also proposes a method of properly
reducing a horizontal width of the light-transmissive element
301 of the parallax barrier 300 for a proper amount AB.
which is preferably set as ABg¢=p,/2, so as to reduce the
ghost image and increase the horizontal viewable range.

In view of the above, the two patents No. 099127429 and
No. 099128602 propose a 2-view 3D image combination
formula for the display screen having sub-pixels in right
shifted Delta configuration 110, in which parallax barriers
like a right slantwise step parallax barrier and a right slant-
wise strip parallax barrier are used for displaying a 3D image.
However, for the display screens having sub-pixels in left
shifted Delta configuration 120 and 140 as shown in FIG. 5
and FIG. 7, no practical solution is proposed for displaying a
3D image. Additionally, the 2-view 3D image combination
formula does not cover the multi-view application, and also
lacks for providing different image combination methods and
conversion relations between a memory image and a display
image; and the right slantwise step parallax barrier also lacks
the design of the multi-view application. Therefore, for the
conventional display screens having sub-pixels in Delta con-
figuration, the calculation formulas and the view separation
devices mentioned in the two patents No. 099127429 and No.
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099128602 only apply to alimited application scope, and thus
no generalized 3D image display device is provided.

SUMMARY OF THE INVENTION

In view of the above defects, for the display screens having
sub-pixels in right shifted and left shifted Delta configura-
tions, the present invention provides different multi-view
image combination procedures and memory image and dis-
play image conversion procedures, in which different view
separation devices such as a parallax barrier, a slant lenticular
sheet, or a slantwise step micro lenticular lens array are used
for displaying a 3D image.

As described above, the display screens having sub-pixels
in right shifted and left shifted Delta configurations in FIG. 4
to FIG. 7 mainly have the characteristic that the geometrical
positions of the even-numbered and odd-numbered horizon-
tal scan lines have the relation of a relative displacement with
a half sub-pixel width. Regarding the characteristic of the
relative displacement of the geometrical positions, for the
structure having the same displacement direction, the present
invention provides two multi-view 3D image combination
methods, namely, a right slant multi-view 3D image combi-
nation method and a left slant multi-view 3D image combi-
nation method, for generating a multi-view 3D combined
image. Further, a proper view separation device is provided in
consideration of the characteristic of each multi-view 3D
combined image, such as a slantwise step parallax barrier, a
slantwise strip parallax barrier, a slant lenticular sheet, or a
slantwise step lens array, so as to display a 3D image.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention will become more fully understood
from the detailed description given herein below for illustra-
tion only, and thus are not limitative of the present invention,
and wherein:

FIG. 1 is a schematic view of a flat panel display screen
having R, G, B sub-pixels generally in horizontal strip con-
figuration in the prior art;

FIG. 2 is a schematic view of a geometrical structure gen-
erally having sub-pixels in right shifted Delta configuration;

FIG. 3 is a schematic view of a geometrical structure gen-
erally having sub-pixels in left shifted Delta configuration;

FIG. 4 is a schematic view of a display screen generally
having sub-pixels in right shifted even Delta configuration;

FIG. 5 is a schematic view of a display screen generally
having sub-pixels in left shifted even Delta configuration;

FIG. 6 is a schematic view of a display screen generally
having sub-pixels in right shifted odd Delta configuration;

FIG. 7 is a schematic view of a display screen generally
having sub-pixels in left shifted odd Delta configuration;

FIG. 81s a schematic view of a 2-view 3D combined image;

FIG. 9 is a schematic view of structure of a 2-view right
slantwise step parallax barrier;

FIG. 10 is a schematic view of structure of a 2-view right
slantwise strip parallax barrier;

FIG. 11 is a schematic view of a right slant multi-view
combined image when m=3, n=2, Q=2, A=0, [1=1;

FIG. 12 is a schematic view of a left slant multi-view
combined image when m=3, n=2, Q=2, A=1, [1=1;

FIG. 13 is a schematic view of a right slant multi-view
combined image when m=3, n=2, Q=2, A=1, [1=1;

FIG. 14 is a schematic view of a left slant multi-view
combined image when m=3, n=2, Q=2, A=0, [1=1;

FIG. 15 and FIG. 16 are schematic views of structure of a
multi-view right slantwise step parallax barrier;
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FIG. 17 and FIG. 18 are schematic views of structure of a
multi-view left slantwise step parallax barrier;

FIG. 19 is a schematic view of structure of a multi-view
right slantwise strip parallax barrier;

FIG. 20 is a schematic view of structure of a multi-view left
slantwise strip parallax barrier;

FIG. 21 is a schematic three-dimensional view of structure
of'a multi-view right slant lenticular sheet;

FIG. 22 is a schematic three-dimensional view of structure
of a multi-view left slant lenticular sheet;

FIG. 23 is a top view of structure of a multi-view right
slantwise step micro lenticular lens array;

FIG. 24 is a top view of structure of a multi-view left
slantwise step micro lenticular lens array;

FIG. 25 is a schematic three-dimensional view of a single
step micro lenticular lens;

FIG. 26 is a schematic view of image data of a single-view
image V3

FIG. 27 is a schematic view of an image output of a display
controller;

FIG. 28 to FIG. 31 are schematic views of a sub-pixel
image output of a display controller;

FIG. 32 to FIG. 33 are schematic views of a converted
multi-view image V!

FIG. 34 is a schematic view of a converted right slant
2-view combined image ,";

FIG. 35 is a schematic view of a recovered right slant
2-view combined image 2,;

FIG. 36 is a schematic view of a first embodiment of the
present invention; and

FIG. 37 is a schematic view of a second embodiment of the
present invention.

DETAILED DESCRIPTION OF THE INVENTION

To display a multi-view 3D image, a plurality of single-
view images V, having a parallax effect is firstly defined by
the following formula:

L 13

M
Vi = v

=0 j=0

where M, N, i, j are defined as described above, k is an
index of view and k<n, n is a total number of views; and V,"/
is sub-pixel image data at a position (i,j) in the single-view
image V. Therefore, the multi-view combined image X, is
expressed by the following formula:

M-1N-1

L=

i=0 j

=

o (14)
vy

i
=3

The display screens 110 and 130 having sub-pixels in right
shifted Delta configuration as shown in FIG. 4 and FIG. 6 may
generate a right slant multi-view combined image through the
following multi-view 3D image combination formula:

A= Mod[inr[Lm(i%A)], n}

m

1s)



US 8,493,385 B2

7

where M, N, i, j, m, n are defined as described above; Q is
a number of sub-pixels for forming a vertical display unit of
the smallest view image; A is a transverse displacement
phase; and II is a transverse displacement amplitude. Here,
the screen of FIG. 4 is taken as an example for illustrating the
right slant multi-view combined image. FIG. 11 shows the
right slant multi-view combined image in which m=3, n=2,
Q=2, A=0, IT=1. Additionally, to acquire a better spatial con-
tinuity in 3D image, it is set that m=2, n=2, Q=2, A=0, [1=1
(not shown).

In addition, the display screens 110 and 130 having sub-
pixels in right shifted Delta configuration as shown in FIG. 4
and FIG. 6 may generate a left slant multi-view combined
image through the following multi-view 3D image combina-
tion formula:

. L /i+A (16)
‘ T[(N_l)_J_met(T)] }
ini ,n

m

A =Mod

where M, N, 1, j, m, n, Q, A, IT are defined as described
above. Here, the screen of FIG. 4 is taken as an example for
illustrating the left slant multi-view combined image. FIG. 12
shows the left slant multi-view combined image in which
m=3, n=2, Q=2, A=1, [I=1. Additionally, to acquire a better
spatial continuity in 3D image, it is set that m=2, n=2, Q=2,
A=1, TI=1 (not shown).

The display screens 120 and 140 having sub-pixels in left
shifted Delta configuration as shown in FIG. 5 and FIG. 7 may
generate a right slant multi-view combined image through the
following multi-view 3D image combination formula:

[r[j—l'[xint(ﬁ)] }
A =Mod|in 7Q N

m

an

where M, N, 1, j, m, n, Q, A, IT are defined as described
above. Here, the screen of FIG. 5 is taken as an example for
illustrating the right slant multi-view combined image. FIG.
13 shows the right slant multi-view combined image in which
m=3, n=2, Q=2, A=1, [I=1. Additionally, to acquire a better
spatial continuity in 3D image, it is set that m=2, n=2, Q=2,
A=1, TI=1 (not shown).

In addition, the display screens 120 and 140 having sub-
pixels in left shifted Delta configuration as shown in FIG. 5
and FIG. 7 may generate a left slant multi-view combined
image through the following multi-view 3D image combina-
tion formula:

(18)
A =Mod

i+A
(N-1)-j-xin —
im[ J Xlnt( 0 )]’n

m

where M, N, 1, j, m, n, Q, A, IT are defined as described
above. Here, the screen of FIG. 5 is taken as an example for
illustrating the left slant multi-view combined image. FIG. 14
shows the left slant multi-view combined image in which
m=3, n=2, Q=2, A=0, [I=1. Additionally, to acquire a better
spatial continuity in 3D image, it is set that m=2, n=2, Q=2,
A=0, I1=1 (not shown).

Hereinafter, every possible view separation device is illus-
trated. Firstly, regarding the characteristic of the slant direc-
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tion of the multi-view 3D combined image, a slantwise step
parallax barrier is provided to display a 3D image.

For the right slant multi-view combined images as shown
in FIG. 11 and FIG. 13, a multi-view right slantwise step
parallax barrier is designed to display a 3D image. FIG. 15
and FIG. 16 are schematic views of structure of the multi-
view right slantwise step parallax barrier. The two parallax
barriers 210 and 220 are respectively view separation devices
for processing the right slant multi-view combined images in
FIG. 11 and FIG. 13. The structures of the two parallax
barriers 210 and 220 have the same characteristic and struc-
ture as shown in FIG. 9. The difference between the two
parallax barriers 210 and 220 only lies in a first barrier hori-
zontal line structure unit 214. That is to say, the parallax
barrier 210 has one more barrier horizontal line structure unit
214 than the parallax barrier 220.

In addition, the light-transmissive elements 211, 221 and
the shielding elements 212, 222 respectively have a horizon-
tal width B,,, B,, and a vertical height B, which are expressed
by the following formulas:

_ Powlg
" Ppw+Lg

a9

B,=(@n-1)B, (20)

@D

By =—5—pu

Ppw

where n, L., P,,;;-are defined as described above, and P,
is set to satisfy the following relation:

Ppp=mpy- (22)

where m is a number of sub-pixels for forming a transverse
display unit of the smallest view image and a value thereofis
aninteger m=1, and mpy, is a horizontal width of a transverse
display unit of the smallest view image.

In addition, for the left slant multi-view combined images
as shown in FIG. 12 and FIG. 14, a multi-view left slantwise
step parallax barrier is designed to display a 3D image. FIG.
17 and FIG. 18 are schematic views of structure of the multi-
view left slantwise step parallax barrier. The two parallax
barriers 230 and 240 are respectively view separation devices
for processing the left slant multi-view combined images in
FIG. 12 and FIG. 14. The structures of the two parallax
barriers 230 and 240 have the same characteristic and struc-
ture as shown in FIG. 9, but only have the difference lying in
that the lower horizontal line structure is shifted leftwards by
a displacement of p;/2 relative to the upper horizontal line
structure. The difference between the two parallax barriers
230 and 240 only lies in the first barrier horizontal line struc-
ture unit. That is to say, the parallax barrier 240 has one more
barrier horizontal line structure unit than the parallax barrier
230. Additionally, the structure sizes B,,, B,,, B, of the light-
transmissive elements 231, 241 and the shielding elements
232,242 may be obtained according to Formulas (19) to (22).

Hereinafter, regarding the characteristic of the slant direc-
tion of the multi-view 3D combined image, a slantwise strip
parallax barrier is provided to display a 3D image.

For the right slant multi-view combined images as shown
in FIG. 11 and FIG. 13, a multi-view right slantwise strip
parallax barrier is designed to display a 3D image. FIG. 19 is
a schematic view of structure of the multi-view right slant-
wise strip parallax barrier. The parallax barrier 310 is a view
separation device for processing the right slant multi-view
combined images in FIG. 11 and F1G. 13. The structure of the
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parallax barrier 310 has the same characteristic and structure
as shown in FIG. 10. The structure sizes B,, B, of the light-
transmissive element 311 and the shielding element 312 are
designed according to Formulas (19), (20), and (22). Addi-
tionally, the slant angle 6 is obtained according to Formula
(11). Here, 0 is set to a positive value, which indicates that the
structures of the light-transmissive element 311 and the
shielding element 312 have the right slant characteristic.

Further, for the left slant multi-view combined images as
shown in FIG. 12 and FIG. 14, a multi-view left slantwise
strip parallax barrier is designed to display a 3D image. FIG.
20 is a schematic view of structure of the multi-view left
slantwise strip parallax barrier. The parallax barrier 320 is a
view separation device for processing the left slant multi-
view combined images in FIG. 12 and FIG. 14. The structure
of the parallax barrier 320 has the same characteristic and
structure as shown in FIG. 10, but has different slant angles.
The structure sizes B,,, B,, of the light-transmissive element
321 and the shielding element 322 are designed according to
Formulas (19), (20), and (22). Additionally, the slant angle 6
may be obtained according to the following formula:

@23

0= —tan’l( pw )

2py

Here, 0 is set to a negative value, which indicates that the
structures of the light-transmissive element 321 and the
shielding element 322 have the left slant characteristic.

Hereinafter, regarding the characteristic of the slant direc-
tion of the multi-view 3D combined image, a slant lenticular
sheet is provided to display a 3D image.

For the right slant multi-view combined images as shown
in FIG. 11 and FIG. 13, a multi-view right slant lenticular
sheet is designed to display a 3D image. FIG. 21 is a sche-
matic three-dimensional view of structure of the multi-view
right slant lenticular sheet. The right slant lenticular sheet 400
is a view separation device for processing the right slant
multi-view combined images in FIG. 11 and FIG. 13. The
structure of the right slant lenticular sheet 400 is formed by a
plurality of single right slant lenticular lenses 401. The single
right slant lenticular lens 401 has a lens width L, a lens
thickness [,, and a lens slant angle 6, which are expressed by
the following formulas:

_ Ppylg 24
" Ppw+Lg
L~f (25)
L[ PW (26)
6 =tan (m)

where n, Lz, Prys Dys Py are defined as described above,
and f'is a focus of the lenticular lens.

Additionally, for the left slant multi-view combined
images as shown in FIG. 12 and FIG. 14, a multi-view left
slant lenticular sheet is designed to display a 3D image. FIG.
22 is a schematic three-dimensional view of structure of a
multi-view left slant lenticular sheet. The left slant lenticular
sheet 410 is a view separation device for processing the left
slant multi-view combined images in FIG. 12 and FIG. 14.
The structure of the left slant lenticular sheet 410 is formed by
aplurality of single left slant lenticular lenses 411. The single
left slant lenticular lens 411 has a lens width L, a lens
thickness L,, and a lens slant angle 6. The lens width L., and
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the lens thickness L, are obtained according to Formulas (24)
and (25). Additionally, the slant angle 0 is expressed by the
following formula:

@n

6= —tan’l( P )

2pn

Hereinafter, regarding the characteristic of the slant direc-
tion of the multi-view 3D combined image, a slantwise step
micro lenticular lens array is provided to display a 3D image.

For the right slant multi-view combined images as shown
in FIG. 11 and FIG. 13, a multi-view right slantwise step
micro lenticular lens array is designed to display a 3D image.
FIG. 23 is a top view of structure of a multi-view right slant-
wise step micro lenticular lens array. The right slantwise step
micro lenticular lens array 500 is a view separation device for
processing the right slant multi-view combined images in
FIG. 11 and FIG. 13. The structure of the right slantwise step
micro lenticular lens array 500 is formed by a plurality of
single step micro lenticular lenses 501. The single step micro
lenticular lens 501, as shown in the schematic three-dimen-
sional view of FIG. 25, is a micro lenticular lens having a lens
width L,,, a lens length I;,, and a lens thickness L,. The lens
width L, and the lens thickness L, are respectively expressed
by Formulas (24) and (25), and the lens length [, is expressed
by the following formula:

P 28)

= wPow PH

where n, P, pare defined as described above. As shown
in FIG. 23, in the entire structure of the right slantwise step
micro lenticular lens array 500, firstly, a plurality of single
step micro lenticular lenses 501 forms a lens horizontal line
structure unit 502 along the horizontal direction in a repetitive
configuration manner; then, a plurality of the lens horizontal
line structure units 502 forms the right slantwise step micro
lenticular lens array 500 along the vertical direction in a
repetitive configuration manner; and any two adjacent upper
and lower lens horizontal line structure units in the vertical
direction of all the lens horizontal line structure units 502 are
arranged in the horizontal direction in a manner that the lower
horizontal line structure is shifted rightwards by a displace-
ment of p,;/2 relative to the upper horizontal line structure.

Additionally, for the left slant multi-view combined
images as shown in FIG. 12 and FIG. 14, a multi-view left
slantwise step micro lenticular lens array is designed to dis-
play a 3D image. FIG. 24 is a top view of structure of a
multi-view left slantwise step micro lenticular lens array. The
left slantwise step micro lenticular lens array 510 is a view
separation device for processing the left slant multi-view
combined images in FIG. 12 and FIG. 14. The left slantwise
step micro lenticular lens array 510 has the same structure as
the aforementioned right slantwise step micro lenticular lens
array 500. The difference only lies in that the lower horizontal
line structure is shifted leftwards by a displacement of p;;/2
relative to the upper horizontal line structure.

Finally, for the display screens having sub-pixels in Delta
configuration in FIG. 4 to FIG. 7, the conventional relation of
the memory image and the image output is illustrated below.

Firstly, for the display screen having sub-pixels in Delta
configuration, the general relation of the memory image and
the image output is illustrated. For the display screen having
sub-pixels in right shifted even Delta configuration in FIG. 4,
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according to Formula (13), the image data of the correspond-
ing single-view image V, is as shown in FIG. 26. That is, for
the image at the sub-pixel position (i,j) on the screen, the
corresponding sub-pixel image datais V,"”. The image data of
the single-view image V, is firstly stored in a display memory
600 as shown in FIG. 27. Thereafter, a display controller 700
sequentially outputs and displays the sub-pixel image data
V¥ at the sub-pixel position (i,j) on the screen 110. Accord-
ing to the different Delta configurations of display screens,
the display controller 700 is capable of performing different
sequence of configurations on the sub-pixel image data on the
even-numbered horizontal scan lines or the odd-numbered
horizontal scan lines stored in the display memory 600 and
then outputting the sub-pixel image data.

Therefore, for the display screen 110 having sub-pixels in
right shifted even Delta configuration, as shown in FIG. 27,
the even-numbered horizontal scan lines on the display
memory 600 respectively have sub-pixel image data V, 2",
V, 23+ and V,2¢2™*2 (where e and m are positive integers
including 0) configured in an R, G, B sequence. The display
controller 700 outputs the sub-pixel image data onto the
screen 110 in the sequence of V2™, V. 2%*"*1 and
V2972 e, the R, G, B sequence. That is, for the sub-pixel
image on the even-numbered horizontal scan lines, the dis-
play controller 700 outputs the sub-pixel image data without
changing the sub-pixel image configuration sequence.

Additionally, the odd-numbered horizontal scan lines on
the display memory 600 respectively have sub-pixel image
data Vk28+1,3m5 Vk2e+1,3m+1 and Vk2e+1,3m+2 (Where e and m
are positive integers including 0) configured in an R, G, B
sequence. For the sub-pixel image data V, 2+ 'y 2e+1,3m+l
and V,2**1*"*2 in a group unit of R, G, B, the display con-
troller 700 outputs the sub-pixel image data onto the screen
110 in the sequence of V 2e*1»m+2 v 2e+137m  apd
vz2ert3ml e a B, R, G sequence. Therefore, the above
operation is defined as an operation of a right rotation of the
configuration sequence. Further, an operation of a left rota-
tion of the configuration sequence is also defined. That is, for
the sub-pixel image data V,2*'37 Vv 2137+ and
vV, 2e13m+2 configured in the R, G, B sequence, the operation
of'a left rotation of the configuration sequence is to output the
sub-pixel image data onto the screen 110 in the sequence of
Vk2e+1,3m+1, Vk2e+1,3m+2 and Vk28+1,3m5 i.e., a G, B, R
sequence (not shown).

FIG. 28 is a schematic view of a sub-pixel image output of
the display controller. Therefore, for the display screen hav-
ing sub-pixels in right shifted even Delta configuration in
FIG. 4, for the even-numbered horizontal scan lines on the
display memory 600, the display controller 700 outputs the
sub-pixel image data without changing the R, G, B sequence
of the sub-pixel image data; and for the odd-numbered hori-
zontal scan lines, the display controller 700 outputs the sub-
pixel image data in the B, R, G sequence in a group unit of R,
G, B sub-pixels according to the operation of the right rota-
tion of the configuration sequence. The Hy - in this figure is
a conventional horizontal image scan synchronizing signal.

For the display screen having sub-pixels in left shifted even
Delta configuration in FIG. 5, FIG. 29 is a schematic view of
the sub-pixel image output of the display controller 700. For
the even-numbered horizontal scan lines on the display
memory 600, the display controller 700 outputs the sub-pixel
image data without changing the R, G, B sequence of the
sub-pixel image data; and for the odd-numbered horizontal
scan lines, the display controller 700 outputs the sub-pixel
image data in the G, B, R sequence in a group unit of R, G, B
sub-pixels according to the operation of the left rotation of the
configuration sequence.
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For the display screen having sub-pixels in right shifted
odd Delta configuration in FIG. 6, FIG. 30 is a schematic view
of the sub-pixel image output of the display controller 700.
For the odd-numbered horizontal scan lines on the display
memory 600, the display controller 700 outputs the sub-pixel
image data without changing the R, G, B sequence of the
sub-pixel image data; and for the even-numbered horizontal
scan lines, the display controller 700 outputs the sub-pixel
image data in the G, B, R sequence in a group unit of R, G, B
sub-pixels according to the operation of the left rotation of the
configuration sequence.

For the display screen having sub-pixels in left shifted odd
Delta configuration in FIG. 7, FIG. 31 is a schematic view of
the sub-pixel image output of the display controller 700. For
the odd-numbered horizontal scan lines on the display
memory 600, the display controller 700 outputs the sub-pixel
image data without changing the R, G, B sequence of the
sub-pixel image data; and for the even-numbered horizontal
scan lines, the display controller 700 outputs the sub-pixel
image data in the B, R, G sequence in a group unit of R, G, B
sub-pixels according to the operation of the right rotation of
the configuration sequence.

In view of the above, the display controller 700 is capable
of performing the sub-pixel image configuration sequence
conversion, and the conversion function refers to converting
the sub-pixel image data originally configured in the R, G, B
sequence on the even-numbered or odd-numbered horizontal
scan lines to a different configuration sequence and then
outputting the sub-pixel image data in the new configuration,
so as to display the image. For the convenience of illustration,
the conversion is defined as a conversion of the sub-pixel
image configuration sequence at the display controller end.

For the combination of the multi-view image V,, since the
display controller 700 has the characteristic of the sub-pixel
image configuration sequence conversion, the multi-view
combined image cannot be directly generated according to
the operations of Formulas (14) to (18). Thus, a memory
image configuration, combination, and conversion procedure
must be used to generate a correct multi-view combined
image. The memory image configuration, combination, and
conversion procedure includes a memory-end sub-pixel
image configuration sequence conversion procedure, a multi-
view image combination procedure, and a memory-end sub-
pixel image configuration sequence inverse conversion pro-
cedure.

The memory-end sub-pixel image configuration sequence
conversion procedure mainly includes performing a sub-pixel
image configuration sequence conversion on all the multi-
view images V, (as shown in FIG. 26) and performing a
sub-pixel image data configuration sequence conversion
(e.g., an operation of a right rotation of the configuration
sequence) on R, G, B sub-pixel image data on the necessary
horizontal scan lines of the multi-view image V, respectively
according to a sub-pixel configuration manner of the display
screen having sub-pixels in Delta configuration in a group
unit of R, G, B sub-pixels. That is, the sub-pixel data of the
multi-view image V/, is firstly converted to the configuration
sequence of the sub-pixels on the display screen, so as to
generate a converted multi-view image V,'. Then, according
to Formulas (14) to (18), a multi-view image combination is
performed on all the converted multi-view images y: to gen-
erate a converted multi-view combined image 2,". Finally, a
memory-end sub-pixel image configuration sequence inverse
conversion is performed on the converted multi-view com-
bined image 2'. The configuration sequence inverse conver-
sion performs an operation of sub-pixel image data configu-
ration sequence inverse conversion (e.g., an operation of aleft
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rotation of the configuration sequence) on the sub-pixel
image data on the same horizontal scan lines of the converted
multi-view combined image X, so as to generate a recovered
multi-view combined image X, . Finally, the recovered multi-
view combined image X, is stored in the display memory 600,
thus achieving the purpose of correctly displaying the recov-
ered multi-view combined image. Hereinafter, the memory-
end sub-pixel image configuration sequence conversion pro-
cedure is firstly illustrated.

For the display screen 110 having sub-pixels in right
shifted even Delta configuration in FIG. 4, the memory-end
sub-pixel image configuration sequence conversion is per-
formed on the even-numbered horizontal scan lines of all the
multi-view images V, stored in the memory (not shown)
without changing the sub-pixel image data configuration
sequence; and for all the odd-numbered horizontal scan lines,
an operation of a right rotation of the configuration sequence
is performed in a group unit of R, G, B sub-pixels to obtain a
converted multi-view image V' as shown in FIG. 32, in which
the sub-pixel image data V,(i, j) at the position (i,j) is
expressed by the following formulas:

when i = 2e, V{(i, ) = Vi 29

i it 4 )+ Mod[j+2,3]

(30)
when i=2e+1, V/(i, ) =V,

where e is a positive integer including 0.

For the display screen 120 having sub-pixels in left shifted
even Delta configuration in FI1G. 5, the memory-end sub-pixel
image configuration sequence conversion is performed on the
even-numbered horizontal scan lines of all the multi-view
images V, stored in the memory (not shown) without chang-
ing the sub-pixel image data configuration sequence; and for
all the odd-numbered horizontal scan lines, an operation of a
left rotation of the configuration sequence is performed in a
group unit of R, G, B sub-pixels to obtain a converted multi-
view image V' as shown in FIG. 33, in which the sub-pixel
image data V,/(i, j) at the position (i,j) is expressed by the
following formulas:

when i = 2e, V/(i, j)= V] 3D

i,3xinr(%)+MM[ j-2,3]

(32)
when i=2e+1, V/(i, ) =V,

where e is defined as described above.

For the display screen 130 having sub-pixels in right
shifted odd Delta configuration in FIG. 6, the memory-end
sub-pixel image configuration sequence conversion is per-
formed on the odd-numbered horizontal scan lines of all the
multi-view images V, stored in the memory (not shown)
without changing the sub-pixel image data configuration
sequence; and for all the even-numbered horizontal scan
lines, an operation of a left rotation of the configuration
sequence is performed in a group unit of R, G, B sub-pixels to
obtain a converted multi-view image V,' (not shown), in
which the sub-pixel image data V,/(i, j) at the position (i,)) is
expressed by the following formulas:

when i =2 +1, V{(i, j) = V{"/ 33)
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-continued

i3xin(4 }+ Mod[j-2.3] (34

when [ =2e, V[(i, N =V,

where e is defined as described above.

For the display screen 140 having sub-pixels in left shifted
odd Delta configuration in FIG. 7, the memory-end sub-pixel
image configuration sequence conversion is performed on the
odd-numbered horizontal scan lines of all the multi-view
images V, stored in the memory (not shown) without chang-
ing the sub-pixel image data configuration sequence; and for
all the even-numbered horizontal scan lines, an operation of a
right rotation of the configuration sequence is performed in a
group unit of R, G, B sub-pixels to obtain a converted multi-
view image V' (not shown), in which the sub-pixel image
data V,!(i, j) at the position (i,j) is expressed by the following
formulas:

when i =2e+ 1, V/(i, k) = Vi (35)

i3xin(4 )} Mod[j+2.3]

(36)
when i =2e, Vi (i, ) =V,

where e is defined as described above.

As described above, the multi-view image V, goes through
Formulas (29) to (36) to obtain various converted multi-view
images V' and then goes through Formulas (14) to (18) to
obtained a converted multi-view combined image 2, ', which
is expressed by the following formula:

—1N-1 37

Vi, j)

ME

!
%=
70

i

I
=3

FIG. 34 shows a converted right slant 2-view combined
image E; obtained by taking the display screen having sub-
pixels in right shifted even Delta configuration as an example,
in which n=2, m=3, Q=2, A=0, I1=1.

Finally, a process of memory-end sub-pixel image configu-
ration sequence inverse conversion is performed on the con-
verted multi-view combined image X' to recover the sub-
pixel image data with the changed configuration sequence in
the converted multi-view combined image Z,' to the original
R, G, B configuration sequence and to acquire a recovered
multi-view combined image X' which is expressed by the
following formula:

M-1N-1

=), D Uali )

=0

(38)

As described above, for the converted multi-view com-
bined image Z,' obtained by the conversion according to
Formulas (29) to (30), in the memory-end sub-pixel image
configuration sequence inverse conversion procedure, an
operation of a left rotation of the configuration sequence,
indicated by the following formula, is performed on all the
odd-numbered horizontal scan lines in the image X, in a
group unit of R, G, B sub-pixels to recover the R, G, B
configuration sequence and to acquire the recovered multi-
view combined image X, :
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when i = 2e, Un(i, j) = VLG, J) (39)

j 40
when i=2¢+1, U,\(i,j)=V,’\(i,3><int(é)+Mod[j—2,3]) @0

As described above, for the converted multi-view com-
bined image X' obtained by the conversion according to
Formulas (31) to (32), in the memory-end sub-pixel image
configuration sequence inverse conversion procedure, an
operation of a right rotation of the configuration sequence,
indicated by the following formula, is performed on all the
odd-numbered horizontal scan lines in the image X, in a
group unit of R, G, B sub-pixels to recover the R, G, B
configuration sequence and to acquire the recovered multi-
view combined image X, :

when i = 2e, Up(i, ) = Vi, J) @n

when i=2e+1, UG, j) = V,’\(i,3><int(§)+Mod[j+2, 3]) “2)

As described above, for the converted multi-view com-
bined image X' obtained by the conversion according to
Formulas (33) to (34), in the memory-end sub-pixel image
configuration sequence inverse conversion procedure, an
operation of a right rotation of the configuration sequence,
indicated by the following formula, is performed on all the
even-numbered horizontal scan lines in the image Z,' in a
group unit of R, G, B sub-pixels to recover the R, G, B
configuration sequence and to acquire the recovered multi-
view combined image 2, :

when i = 2e + 1, Un(i, ) = V4G, ) “3)

when i = 2¢, Up(, J) =V, (i, 3 xint(é) +Mod[j+2, 3]) “4)

As described above, for the converted multi-view com-
bined image X' obtained by the conversion according to
Formulas (35) to (36), in the memory-end sub-pixel image
configuration sequence inverse conversion procedure, an
operation of a left rotation of the configuration sequence,
indicated by the following formula, is performed on all the
even-numbered horizontal scan lines in the image Z,' in a
group unit of R, G, B sub-pixels to recover the R, G, B
configuration sequence and to acquire the recovered multi-
view combined image X, :

when i=2e+1, Upn(i, j)= VLG, J) 5)

when i = 2e, Up(i, j) = V], (i, 3 xint(é) +Mod[j -2, 3]) (46)

Therefore, the memory-end sub-pixel image configuration
sequence inverse conversion procedure is performed on the
converted right slant 2-view combined image >,' in FIG. 34 to
obtain the recovered right slant 2-view combined image 2, in
FIG. 35.

Additionally, the display controller 700 may not be capable
of performing the sub-pixel image configuration sequence
conversion, that is, for the image stored in the display
memory, regardless of the even-numbered and the odd-num-
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bered horizontal scan lines, the display controller 700 outputs
the sub-pixel image data without changing the sub-pixel
image data configuration sequence. Hereinafter, the display
controller without the sub-pixel image configuration
sequence conversion function is referred to as a non-conver-
sion display controller; and the display controller convention-
ally having the sub-pixel image configuration sequence con-
version function is referred to as a conversion display
controller. Thereby, when the non-conversion display con-
troller is used, the memory image configuration, combina-
tion, and conversion procedure only includes a memory-end
sub-pixel image configuration sequence conversion proce-
dure, and a multi-view image combination procedure. In this
case, as described above, the memory-end sub-pixel image
configuration sequence conversion only needs to be per-
formed on the multi-view image V, to generate a converted
multi-view image V,'. Next, according to Formulas (14) to
(18), the multi-view image combination is performed to gen-
erate a converted multi-view combined image X,'. The con-
verted multi-view combined image X' is then stored in the
display memory 600. Therefore, the non-conversion display
controller can be used to correctly output the multi-view
combined image onto the display screen having sub-pixels in
Delta configuration.

In view of the above, a 3D image display device according
to a first embodiment of the present invention, as shown in
FIG. 36, mainly includes a multi-view image V,, a view
memory 800, a memory image configuration, combination,
and conversion procedure 810, a display memory 820, a con-
version display controller 830, a display screen having sub-
pixels in Delta configuration 840, and a view separation
device 850. As described above, the view memory 800 mainly
stores and outputs the multi-view image V,. The memory
image configuration, combination, and conversion procedure
810 mainly includes a memory-end sub-pixel image configu-
ration sequence conversion procedure, a multi-view image
combination procedure, and a memory-end sub-pixel image
configuration sequence inverse conversion procedure (the
function of each procedure is as described above), and is
capable of performing sub-pixel image -configuration
sequence conversion and multi-view image combination on
the multi-view image V,, and outputting a recovered multi-
view combined image 2,,. The display memory 820 mainly
stores and outputs the recovered multi-view combined image
2. The conversion display controller 830 mainly performs
sub-pixel image data configuration sequence conversion on
image data on even-numbered or odd-numbered horizontal
scan lines of the recovered multi-view combined image X,
and then outputs the horizontal scan image data. The display
screen having sub-pixels in Delta configuration 840 receives
the horizontal scan image data and displays the recovered
multi-view combined image . The view separation device
850 performs view separation on the recovered multi-view
combined image > to display a 3D image.

In view of the above, a 3D image display device according
to a second embodiment of the present invention, as shown in
FIG. 37, mainly includes a view memory 800, a memory
image configuration, combination, and conversion procedure
815, a display memory 820, a non-conversion display con-
troller 835, a display screen having sub-pixels in Delta con-
figuration 840, and a view separation device 850. As
described above, the view memory 800 mainly stores and
outputs the multi-view image V,. The memory image con-
figuration, combination, and conversion procedure 815
mainly includes a memory-end sub-pixel image configura-
tion sequence conversion procedure and a multi-view image
combination procedure (the function of each procedure is as
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described above), and is capable of performing processes of
sub-pixel image configuration sequence conversion and
multi-view image combination on the multi-view image V,,
and outputting a converted multi-view combined image 2.
The display memory 820 mainly stores and outputs the con-
verted multi-view combined image X,'. The non-conversion
display controller 835 mainly performs no sub-pixel image
data configuration sequence conversion on image data on
horizontal scan lines of the converted multi-view combined
image 2, so as to output the horizontal scan image data. The
display screen having sub-pixels in Delta configuration 840
receives the horizontal scan image data and displays the con-
verted multi-view combined image . The view separation
device 850 performs view separation on the converted multi-
view combined image X' to display a 3D image.

As described above, the present invention is mainly
directed to a 3D image display device, in which a flat panel
display screen having sub-pixels in Delta configuration is
provided. For an auto-stereoscopic display, the present inven-
tion is a general design method. Firstly, the method of the
present invention is applicable to any flat panel display screen
in LCD, OLED, or Plasma display, and is also applicable to
flat panel display screens having various sub-pixel configu-
rations. The multi-view image combination as mentioned in
the present invention, indicated by Formulas (15) to (16), is a
general formula for multi-view image combination. That is to
say, the multi-view combined image obtained by introducing
different and proper values into m, n, Q, A, I1 is adapted to the
application of the flat panel display screen having sub-pixels
in Delta configuration, and also satisfies the application of
other flat panel display screens having different sub-pixel
configurations as well as the view separation devices having
different structures.

For example, ROC Patent Application No. 098145946 dis-
closes a full-frame 3D image display device, in which the
2-view combined image in FIG. 9 is a 2-view combined
image obtained by introducing m=1, n=2, Q=M, A=0, [I=1
into Formula (15); while the 2-view combined image in FIG.
22 is a2-view combined image obtained by introducing m=1,
n=2, Q=M, A=0, [I=1 into Formula (16). The two 2-view
combined images are adapted to the flat panel display screen
having sub-pixels in horizontal strip configuration, and also
adapted to the vertical strip parallax barrier or the vertical lens
array.

For example, ROC Patent Application No. 099108528 dis-
closes a multi-functional liquid crystal parallax barrier
device, in which the five-view combined image in FIG. 16 is
a five-view combined image obtained by introducing m=3,
n=5, Q=1, A=0, IT1=1 into Formula (15). The five-view com-
bined image is adapted to the flat panel display screen having
sub-pixels in horizontal strip configuration, adapted to the
right slantwise step parallax barrier or the right slantwise strip
parallax barrier, and also adapted to the right slantwise step
micro lenticular lens array. The relative displacement of the
upper and lower horizontal line structures of the right slant-
wise step parallax barrier and the right slantwise step micro
lenticular lens array is a sub-pixel width p - The slant angle
of the right slantwise strip parallax barrier is 0=tan™"(p,;/pz,).

For example, ROC Patent Application No. 099127429 dis-
closes a bi-directional 3D image display device, in which the
2-view combined image in FIG. 11 is a 2-view combined
image obtained by introducing m=3, n=2, Q=1, A=0, [I=3
into Formula (15). The 2-view combined image is adapted to
the flat panel display screen having sub-pixels in Mosaic
configuration and is adapted to the 2-view right slantwise step
parallax barrier.
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For example, U.S. Pat. No. 6,064,424 (Cornelis van Ber-
kel, 2000) discloses an AUTOSTEREOSCOPIC DISPLAY
APPARATUS, in which the seven-view combined image in
FIG. 4A is a seven-view combined image obtained by intro-
ducing m=1, n=7, Q=1, A=0, [1=4 into Formula (15). The
seven-view combined image is adapted to the flat panel dis-
play screen having sub-pixels in horizontal strip configura-
tion and is adapted to the right slant lenticular sheet.

In view of the above, the 3D image display device of the
present invention is a general design method, and is appli-
cable to various display screens having different sub-pixel
configurations, provides a general formula for multi-view
image combination and various view separation device
designs, and also provides a mechanism having a display
controller with or without the conversion function so as to
satisty different applications of the auto-stereoscopic display.
The above descriptions are merely preferred embodiments of
the present invention, and are not intended to limit the scope
of'the present invention. Various modifications and variations
made within the appended claims of the present invention
shall fall within the scope of the invention. Thus, we will be
most grateful if a patent right is granted upon careful exami-
nation of the Examiner.

What is claimed is:

1. A 3D image display device, comprising:

a multi-view image, mainly formed by n single-view
images

wherein the single-view image is formed by NxM sub-pixel
images, N is a total number of sub-pixel images in a horizon-
tal direction, and M is a total number of sub-pixel images in a
vertical direction; j, i are respectively indices of horizontal
and vertical positions of a single sub-pixel image; n is a total
number of views and a value thereof’is greater than or equal to
2; and k is an index of view and a value thereof is 0=k<n;

a view memory, mainly for storing and outputting a multi-
view image;

a memory image configuration, combination, and conver-
sion procedure, mainly for performing processes of sub-
pixel image configuration sequence conversion and
multi-view image combination on the multi-view image,
and outputting a recovered multi-view combined image
2

a display memory, mainly for storing and outputting the
recovered multi-view combined image 2, ;

a conversion display controller, for inputting the recovered
multi-view combined image 2, and mainly performing
sub-pixel image data configuration sequence conversion
for image data on even-numbered or odd-numbered
horizontal scan lines of the image 2, and then output-
ting the horizontal scan image data;

a display screen having sub-pixels in Delta configuration,
formed by NxM sub-pixels with a geometrical size of
PwXPg Where py-is a sub-pixel width and p,, is a sub-
pixel height, and used for inputting the horizontal scan
image data and displaying the recovered multi-view
combined image %, ; and

a view separation device, for performing view separation
on the recovered multi-view combined image 2, to dis-
play a 3D image.
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2. The 3D image display device according to claim 1,
wherein the memory image configuration, combination, and
conversion procedure comprises a memory-end sub-pixel
image configuration sequence conversion procedure, a multi-
view image combination procedure, and a memory-end sub-
pixel image configuration sequence inverse conversion pro-
cedure.

3. The 3D image display device according to claim 2,
wherein the memory-end sub-pixel image configuration
sequence conversion procedure mainly performs the sub-
pixel image data configuration sequence conversion on R, G,
B sub-pixel image data on the necessary horizontal scan lines
of all the multi-view images V, according to a sub-pixel
configuration manner of the display screen having sub-pixels
in Delta configuration in a group unit of R, G, B sub-pixels, so
as to generate a converted multi-view image

4. The 3D image display device according to claim 3,
wherein the sub-pixel image data configuration sequence
conversion is an operation of a right rotation of the configu-
ration sequence to obtain a converted multi-view image V',
and the sub-pixel image data V,'(i, j) at a position (i,j) is
expressed by the following formulas:

when i =2e, V/(i, k) = V,f’j; and

i 3cint{ 4 )+ Mod[ 12,3
when i=2e+1, V/(i, ) = th xini(§ VMo i+ ]’

where e is a positive integer including 0.

5. The 3D image display device according to claim 3,
wherein the sub-pixel image data configuration sequence
conversion is an operation of a left rotation of the configura-
tion sequence to obtain a converted multi-view image V', and
the sub-pixel image data V,/'(i, j) at the position (i) is
expressed by the following formulas:

when i = 2e, V{(i, j) = V{"'; and

i.3cini({ }+Mod] j-2.3
when i=2e+1, V{(i, ) = th xini(§ }+Mod] ]’

where e is a positive integer including 0.

6. The 3D image display device according to claim 3,
wherein the sub-pixel image data configuration sequence
conversion is an operation of a left rotation of the configura-
tion sequence to obtain a converted multi-view image V,' and
the sub-pixel image data V,(i, j) at the position (i,j) is
expressed by the following formulas:

when i=2e+1, V/(i, ) = V{"'; and

i 3xint(4 - Mod[j-2,3
when i = 2e, V{(i, j) = V, n(§ e Modlj-231

where e is a positive integer including 0.

7. The 3D image display device according to claim 3,
wherein the sub-pixel image data configuration sequence
conversion is an operation of a right rotation of the configu-
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ration sequence to obtain a converted multi-view image V',
and the sub-pixel image data V,/(i, j) at the position (i,j) is
expressed by the following formulas:

when i =2e+ 1, V/(i, j) = V{"'; and

1,3 4 Mod[ j+2,3
when i = 2e. Vk/(i, J= ka xxnr(3)+ od[ j+ ]’

where e is a positive integer including O.

8. The 3D image display device according to claim 2,
wherein the multi-view image combination procedure gener-
ates a converted multi-view combined image X' from the
converted multi-view image V,' according to the following
formulas, and the multi-view combined image has a right
slant characteristic:

=

—1N-1

I, VA(, j)and

J=0

where M, N, i, j, n are defined as described above; m is a
number of sub-pixels for forming a transverse display
unit of the smallest view image and a value thereof' is a
positive integer greater than or equal to 1; Q is a number
of sub-pixels for forming a vertical display unit of the
smallest view image and a value thereof is a positive
integer greater than or equal to 1; A is a transverse
displacement phase and a value thereof is a positive
integer including O; and I1 is a transverse displacement
amplitude and a value thereof is a positive integer greater
than or equal to 1.

9. The 3D image display device according to claim 8,
wherein the values of n, m, Q, A, IT are preferably: n=2, m=3,
Q=2, A=0, IT=1; or preferably: n=2, m=2, Q=2, A=0, [I=1.

10. The 3D image display device according to claim 8,
wherein the values of n, m, Q, A, IT are preferably: n=2, m=3,
Q=2, A=1, I1=1; or preferably: n=2, m=2, Q=2, A=1, [I=1.

11. The 3D image display device according to claim 2,
wherein the multi-view image combination procedure gener-
ates a converted multi-view combined image 2, from the
converted multi-view image V' according to the following
formulas, and the multi-view combined image has a left slant
characteristic:

—1N-1

ME

I, = VA(, j)and

J=0

i+A
(N-1)—j-IIxint| —
int[ ! le( C )],

m

i

I
=3

A =Mod

5

where M, N, i, j, m, n, Q, A, IT are defined as described

above.

12. The 3D image display device according to claim 11,
wherein the values of n, m, Q, A, IT are preferably: n=2, m=3,
Q=2, A=0, IT=1; or preferably: n=2, m=2, Q=2, A=0, [I=1.

13. The 3D image display device according to claim 11,
wherein the values of n, m, Q, A, IT are preferably: n=2, m=3,
Q=2, A=1, I1=1; or preferably: n=2, m=2, Q=2, A=1, [I=1.
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14. The 3D image display device according to claim 2,
wherein the memory-end sub-pixel image configuration
sequence inverse conversion procedure mainly performs the
sub-pixel image data configuration sequence conversion on
R, G, B sub-pixel image data on the necessary horizontal scan
lines of the converted multi-view combined image X, ' accord-
ing to a sub-pixel configuration manner of the display screen
having sub-pixels in Delta configuration in a group unit of R,
G, B sub-pixels, so as to generate a recovered multi-view
combined image

M-1

L=

=0

=

-1

Un(is )

i
=3

15. The 3D image display device according to claim 14,
wherein the sub-pixel image data configuration sequence
conversion is an operation of a right rotation of the configu-
ration sequence to obtain a recovered multi-view combined
image 2, and the sub-pixel image data U , (i, j) at the position
(i,)) is expressed by the following formulas:

when i = 2e, Up(i, j) = VA(i, J); and

when i=2e+1, UG, j) = V,’\(i, 3><int(§) +Mod[j+2, 3]),

where e is a positive integer including 0.

16. The 3D image display device according to claim 14,
wherein the sub-pixel image data configuration sequence
conversion is an operation of a left rotation of the configura-
tion sequence to obtain a recovered multi-view combined
image 2, and the sub-pixel image data U , (i, j) at the position
(i,)) is expressed by the following formulas:

when i = 2e, Up(i, j) = VA(i, J); and

g

when i =2e+ 1, Un(i, j) = V,’\(i, 3><int(3

)+Mod[j—2, 3]),

where e is a positive integer including 0.

17. The 3D image display device according to claim 14,
wherein the sub-pixel image data configuration sequence
conversion is an operation of a left rotation of the configura-
tion sequence to obtain a recovered multi-view combined
image 2, and the sub-pixel image data U , (i, j) at the position
(i,)) is expressed by the following formulas:

when i =2e + 1, Up(i, j) = VA(i, j); and

when i = 2, Un(i, j) = V,’\(i, 3><int(§) +Mod[j -2, 3]),

where e is a positive integer including 0.

18. The 3D image display device according to claim 14,
wherein the sub-pixel image data configuration sequence
conversion is an operation of a right rotation of the configu-
ration sequence to obtain a recovered multi-view combined
image 2,,, and the sub-pixel image data U , (i, j) at the position
(i,)) is expressed by the following formulas:
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when i =2e+ 1, Up(i, j) = VA(i, j); and

when i = 2e, Up(i, j) = V,’\(i, 3><int(§) +Mod[j+2, 3]),

where e is a positive integer including O.

19. The 3D image display device according to claim 1,
wherein the function of the sub-pixel image data configura-
tion sequence conversion of the conversion display controller
is mainly to convert an R, G, B configuration sequence into a
B, R, G configuration sequence.

20. The 3D image display device according to claim 1,
wherein the function of the sub-pixel image data configura-
tion sequence conversion of the conversion display controller
is mainly to convert an R, G, B configuration sequence into a
G, B, R configuration sequence.

21. The 3D image display device according to claim 1,
wherein the display screen having sub-pixels in Delta con-
figuration is one selected from a display screen having sub-
pixels in right shifted even Delta configuration, a display
screen having sub-pixels in right shifted odd Delta configu-
ration, a display screen having sub-pixels in left shifted even
Delta configuration, and a display screen having sub-pixels in
left shifted odd Delta configuration.

22. The 3D image display device according to claim 1,
wherein the view separation device is one selected from a
slantwise step parallax barrier, a slantwise strip parallax bar-
rier, a slant lenticular sheet, and a slantwise step micro len-
ticular lens array.

23. The 3D image display device according to claim 22,
wherein the slantwise step parallax barrier is one selected
from a right slantwise step parallax barrier and a left slantwise
step parallax barrier.

24. The 3D image display device according to claim 22,
wherein the slantwise step parallax barrier is formed by a
plurality of single basic barrier structure units, and the basic
barrier structure unit is formed by a light-transmissive ele-
ment and a shielding element; the plurality of the basic barrier
structure units forms a barrier horizontal line structure unit
along the horizontal direction in a repetitive configuration
manner; a plurality of the barrier horizontal line structure
units forms the slantwise step parallax barrier along the ver-
tical direction in a repetitive configuration manner; and the
structures of the light-transmissive element and the shielding
element respectively have a horizontal width B,, B, and a
vertical height B,, which are expressed by the following
formulas:

PpwLg
By=5———:
Ppw + Lg
B, =(n-1)B,;and
B,
By = ——pu,
H Pow PH

with P, set to satisfy the following relation:

Ppp=mpy,

where n is a total number of views, L~ is an interpupillary
distance, P, is a horizontal width of a transverse dis-
play unit of the smallest view image, m is a number of
sub-pixels for forming a transverse display unit of the
smallest view image and a value thereof is an integer
mz1, py is a sub-pixel width, and p,, is a sub-pixel

height.
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25. The 3D image display device according to claim 24,
wherein any two adjacent upper and lower barrier horizontal
line structures of the slantwise step parallax barrier are
arranged in the horizontal direction in a manner that the lower
horizontal line structure is shifted rightwards or leftwards by
a displacement relative to the upper horizontal line structure.

26. The 3D image display device according to claim 25,
wherein the shifted displacement is p /2.

27. The 3D image display device according to claim 22,
wherein the slantwise strip parallax barrier is one selected
from a right slantwise strip parallax barrier and a left slant-
wise strip parallax barrier.

28. The 3D image display device according to claim 22,
wherein the slantwise strip parallax barrier is formed by a
plurality of light-transmissive elements having a slantwise
strip structure and a plurality of shielding elements having a
slantwise strip structure, the light-transmissive elements and
the shielding elements are alternately configured along the
horizontal direction, and the structures of the light-transmis-
sive element and the shielding element respectively have a
horizontal width B, B, and a slant angle 6, which are
expressed by the following formulas:

_ Ppwlg
" Ppw +LE’

B, =(n-1)B,; and

ol =ten™t ()

with P, set to satisfy the following relation:

Pop=mpyp,

where n is a total number of views, L is an interpupillary
distance, P, is a horizontal width of a transverse dis-
play unit of the smallest view image, m is a number of
sub-pixels for forming a transverse display unit of the
smallest view image and a value thereof is an integer
mz1, py-is a sub-pixel width, p,, is a sub-pixel height,
and the slant angle 0 is

29. The 3D image display device according to claim 22,
wherein the slant lenticular sheet is one selected from a right
slant lenticular sheet and a left slant lenticular sheet.

30. The 3D image display device according to claim 22,
wherein the slant lenticular sheet is formed by a plurality of
single slant lenticular lenses, and the structure of the single
slant lenticular lens has a lens width L, a lens thickness L,,
and a lens slant angle 6, which are expressed by the following
formulas:

_ Powlig .
T Ppw+lg

L~ f;and

lel :tan*(z%),

with P, set to satisfy the following relation:

Pop=mpyp,
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where n is a total number of views, L is an interpupillary
distance, P, is a horizontal width of a transverse dis-
play unit of the smallest view image, m is a number of
sub-pixels for forming a transverse display unit of the
smallest view image and a value thereof is an integer
mz1, py,is a sub-pixel width, p,, is a sub-pixel height, f
is a focus of the lenticular lens, and the slant angle 0 is

31. The 3D image display device according to claim 22,
wherein the slantwise step micro lenticular lens array is one
selected from a right slantwise step micro lenticular lens array
and a left slantwise step micro lenticular lens array.

32. The 3D image display device according to claim 22,
wherein in the slantwise step micro lenticular lens array, a
plurality of single step micro lenticular lenses forms a lens
horizontal line structure unit along the horizontal direction in
a repetitive configuration manner; a plurality of the lens hori-
zontal line structure units forms the slantwise step micro
lenticular lens array along the vertical direction in a repetitive
configuration manner, and the structure of the single step
micro lenticular lens is a micro lenticular lens with a lens
width L,,, a lens length I;,, and a lens thickness L.,, and the
lens width L, and the lens thickness L, are expressed by the
following formulas:

_ Ppwlg
_PDW +Lg ’
Li~f; and
L,
Ly=——
H ﬂPprH’

with P, set to satisfy the following relation:

Ppp=mpyy,

where n is a total number of views, L is an interpupillary
distance, P, is a horizontal width of a transverse dis-
play unit of the smallest view image, m is a number of
sub-pixels for forming a transverse display unit of the
smallest view image and a value thereof is an integer
mz1, pyis a sub-pixel width, p,, is a sub-pixel height,
and f'is a focus of the micro lenticular lens.

33. The 3D image display device according to claim 32,
wherein any two adjacent upper and lower lens horizontal line
structures of the slantwise step micro lenticular lens array are
arranged in the horizontal direction in a manner that the lower
horizontal line structure is shifted rightwards or leftwards by
a displacement relative to the upper horizontal line structure.

34. The 3D image display device according to claim 33,
wherein the shifted displacement is p /2.

35. A 3D image display device, comprising:

a multi-view image, mainly formed by n single-view

images

M-1

)

=0

=

-1 L
ij
Vi,

I
=3

wherein the single-view image is formed by NxM sub-pixel
images, N is a total number of sub-pixel images in a horizon-



US 8,493,385 B2

25

tal direction, M is a total number of sub-pixel images in a
vertical direction; j, i are respectively indices of horizontal
and vertical positions of a single sub-pixel image; n is a total
number of views and a value thereof’is greater than or equal to
2; and k is an index of view and a value thereof is 0=k<n;
aview memory, mainly for storing and outputting a multi-
view image;

a memory image configuration, combination, and conver-
sion procedure, mainly for performing processes of sub-
pixel image configuration sequence conversion and
multi-view image combination on the multi-view image,
and outputting a converted multi-view combined image
2

a display memory, mainly for storing and outputting the
converted multi-view combined image X";

a non-conversion display controller, for inputting the con-
verted multi-view combined image ', and for image
data on all horizontal scan lines in the image 2., output-
ting the horizontal scan image data without changing the
sub-pixel image data configuration sequence;

a display screen having sub-pixels in Delta configuration,
formed by NxM sub-pixels with a geometrical size of
PuXPg Where py-is a sub-pixel width and p,, is a sub-
pixel height, and used for inputting the horizontal scan
image data and displaying the converted multi-view
combined image 2,'; and

a view separation device, for performing view separation
on the converted multi-view combined image X, to
display a 3D image.

36. The 3D image display device according to claim 35,
wherein the memory image configuration, combination, and
conversion procedure comprises a memory-end sub-pixel
image configuration sequence conversion procedure and a
multi-view image combination procedure.

37. The 3D image display device according to claim 36,
wherein the memory-end sub-pixel image configuration
sequence conversion procedure mainly performs the sub-
pixel image data configuration sequence conversion on R, G,
B sub-pixel image data on the necessary horizontal scan lines
of all the multi-view images V, according to a sub-pixel
configuration manner of the display screen having sub-pixels
in Delta configuration in a group unit of R, G, B sub-pixels, so
as to generate a converted multi-view image

Vi, j).

=0 j=0

38. The 3D image display device according to claim 37,
wherein the sub-pixel image data configuration sequence
conversion is an operation of a right rotation of the configu-
ration sequence to obtain a converted multi-view image V',
and the sub-pixel image data V,/(i, j) at a position (i,j) is
expressed by the following formulas:

when i=2e, V{(i, )=V

and

i 3cint{ 4 )+ Mod[ 12,3
when i=2e+1, V{(i, ) = th xini(§ VMo i+ ]’

where e is a positive integer including 0.
39. The 3D image display device according to claim 37,
wherein the sub-pixel image data configuration sequence
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conversion is an operation of a left rotation of the configura-
tion sequence to obtain a converted multi-view image V,', and
the sub-pixel image data V,/'(i, j) at the position (i) is
expressed by the following formulas:

when i =2e, V{(i, )=V’

and

i 3ximi( 4+ Mod[j-2.3
when i =2e+ 1, V/(i, ) = th xini(4 )+ Modl j ]’

where e is a positive integer including O.

40. The 3D image display device according to claim 37,
wherein the sub-pixel image data configuration sequence
conversion is an operation of a left rotation of the configura-
tion sequence to obtain a converted multi-view image V', and
the sub-pixel image data V,/'(i, j) at the position (i) is
expressed by the following formulas:

when i=2e+1, V(i j)=V;
and

i 3xint( W Mod[ j+2,3
when i = 2e, V/(i, j) = ka xxnr(3)+ od[ j+ ]’

where e is a positive integer including O.

41. The 3D image display device according to claim 37,
wherein the sub-pixel image data configuration sequence
conversion is an operation of a right rotation of the configu-
ration sequence to obtain a converted multi-view image V',
and the sub-pixel image data V,/(i, j) at the position (i,j) is
expressed by the following formulas:

wheni=2e+1, V{( j)=V";
and

i 3xint( W Mod[ j+2,3
when i = 2e, Vk/(i, J= ka xxnr(3)+ od[ j+ ]’

where e is a positive integer including O.

42. The 3D image display device according to claim 36,
wherein the multi-view image combination procedure gener-
ates a converted multi-view combined image 2, from the
converted multi-view image V' according to the following
formulas, and the multi-view combined image has a right
slant characteristic:

M-1N-1

Z/ = 3 STV
o =0 j=0

and

i+A
P scind 72
A= Mod[inr[ij th( e )], n},

m

where M, N, i, j, n are defined as described above; m is a
number of sub-pixels for forming a transverse display
unit of the smallest view image and a value thereof' is a
positive integer greater than or equal to 1; Q is a number
of sub-pixels for forming a vertical display unit of the
smallest view image and a value thereof is a positive
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integer greater than or equal to 1; A is a transverse
displacement phase and a value thereof is a positive
integer including O; and I1 is a transverse displacement
amplitude and a value thereofis a positive integer greater
than or equal to 1.

43. The 3D image display device according to claim 42,
wherein the values of n, m, Q, A, IT are preferably: n=2, m=3,
Q=2, A=0, IT=1; or preferably: n=2, m=2, Q=2, A=0, [I=1.

44. The 3D image display device according to claim 42,
wherein the values of n, m, Q, A, IT are preferably: n=2, m=3,
Q=2, A=1, I1=1; or preferably: n=2, m=2, Q=2, A=1, [I=1.

45. The 3D image display device according to claim 36,
wherein the multi-view image combination procedure gener-
ates a converted multi-view combined image X' from the
converted multi-view image V,' according to the following
formulas, and the multi-view combined image has a left slant
characteristic:

, M-1N-1
Z = Vali, s
n =0 j=0
and
i+A
(N—l)—j—l‘[xint(l—)
A =Mod|in n
m

where M, N, 1, j, m, n, Q, A, IT are defined as described

above.

46. The 3D image display device according to claim 45,
wherein the values of n, m, Q, A, IT are preferably: n=2, m=3,
Q=2, A=0, IT=1; or preferably: n=2, m=2, Q=2, A=0, [I=1.

47. The 3D image display device according to claim 45,
wherein the values of n, m, Q, A, IT are preferably: n=2, m=3,
Q=2, A=1, I1=1; or preferably: n=2, m=2, Q=2, A=1, [I=1.

48. The 3D image display device according to claim 35,
wherein the display screen having sub-pixels in Delta con-
figuration is one selected from a display screen having sub-
pixels in right shifted even Delta configuration, a display
screen having sub-pixels in right shifted odd Delta configu-
ration, a display screen having sub-pixels in left shifted even
Delta configuration, and a display screen having sub-pixels in
left shifted odd Delta configuration.

49. The 3D image display device according to claim 35,
wherein the view separation device is one selected from a
slantwise step parallax barrier, a slantwise strip parallax bar-
rier, a slant lenticular sheet, and a slantwise step micro len-
ticular lens array.

50. The 3D image display device according to claim 49,
wherein the slantwise step parallax barrier is one selected
from a right slantwise step parallax barrier and a left slantwise
step parallax barrier.

51. The 3D image display device according to claim 49,
wherein the slantwise step parallax barrier is formed by a
plurality of single basic barrier structure units, and the basic
barrier structure unit is formed by a light-transmissive ele-
ment and a shielding element; the plurality of the basic barrier
structure units forms a barrier horizontal line structure unit
along the horizontal direction in a repetitive configuration
manner; a plurality of the barrier horizontal line structure
units forms the slantwise step parallax barrier along the ver-
tical direction in a repetitive configuration manner; and the
structures of the light-transmissive element and the shielding
element respectively have a horizontal width B,,, B, and a
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vertical height B,, which are expressed by the following
formulas:

_ Ppwlg
" Ppw+Lg’
B, =(n-1)By;
and
B,
By = PH>
Ppw

with P, set to satisfy the following relation:

Ppp=mpyy,

where n is a total number of views, L is an interpupillary
distance, P, is a horizontal width of a transverse dis-
play unit of the smallest view image, m is a number of
sub-pixels for forming a transverse display unit of the
smallest view image and a value thereof is an integer
mz1, py is a sub-pixel width, and p,, is a sub-pixel

height.

52. The 3D image display device according to claim 51,
wherein any two adjacent upper and lower barrier horizontal
line structures of the slantwise step parallax barrier are
arranged in the horizontal direction in a manner that the lower
horizontal line structure is shifted rightwards or leftwards by
a displacement relative to the upper horizontal line structure.

53. The 3D image display device according to claim 52,
wherein the shifted displacement is p /2.

54. The 3D image display device according to claim 49,
wherein the slantwise strip parallax barrier is one selected
from a right slantwise strip parallax barrier and a left slant-
wise strip parallax barrier.

55. The 3D image display device according to claim 49,
wherein the slantwise strip parallax barrier is formed by a
plurality of light-transmissive elements having a slantwise
strip structure and a plurality of shielding elements having a
slantwise strip structure, the light-transmissive elements and
the shielding elements are alternately configured along the
horizontal direction, and the structures of the light-transmis-
sive element and the shielding element respectively have a
horizontal width B,, B, and a slant angle 6, which are
expressed by the following formulas:

_ Ppwlg
"7 Ppw+Lg’
B, =(n-1B,;
and
L Pw
6| = tan~} | ——
et = tan™! (5 ),

with P, set to satisfy the following relation:

Ppp=mpyy,

where n is a total number of views, L~ is an interpupillary
distance, P, is a horizontal width of a transverse dis-
play unit of the smallest view image, m is a number of
sub-pixels for forming a transverse display unit of the
smallest view image and a value thereof is an integer
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mz1, pyis a sub-pixel width, p,, is a sub-pixel height,
and the slant angle 0 is

56. The 3D image display device according to claim 49,
wherein the slant lenticular sheet is one selected from a right
slant lenticular sheet and a left slant lenticular sheet.

57. The 3D image display device according to claim 49,
wherein the slant lenticular sheet is formed by a plurality of
single slant lenticular lenses, the structure of the single slant
lenticular lens has a lens width L., a lens thickness [, and a
lens slant angle 6, which are expressed by the following
formulas:

_ Ppwlg N
T Pow+Llg
L~ f;
and
_1{ Pw
Oll = tan™ | —
et = tan™! (),

with P, set to satisfy the following relation:
Ppp=mpy,

where n is a total number of views, L is an interpupillary
distance, P, is a horizontal width of a transverse dis-
play unit of the smallest view image, m is a number of
sub-pixels for forming a transverse display unit of the
smallest view image and a value thereof is an integer
mz1, py-is a sub-pixel width, p,, is a sub-pixel height, £
is a focus of the lenticular lens, and the slant angle 0 is

Pw

0 :tan’l(m) or 8= —tan’l(p—w).

2pu

58. The 3D image display device according to claim 49,
wherein the slantwise step micro lenticular lens array is one
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selected from a right slantwise step micro lenticular lens array
and a left slantwise step micro lenticular lens array.

59. The 3D image display device according to claim 49,
wherein in the slantwise step micro lenticular lens array, a
plurality of single step micro lenticular lenses forms a lens
horizontal line structure unit along the horizontal direction in
a repetitive configuration manner; a plurality of the lens hori-
zontal line structure units forms the slantwise step micro
lenticular lens array along the vertical direction in a repetitive
configuration manner, and the structure of the single step
micro lenticular lens is a micro lenticular lens with a lens
width L,,, a lens length I;,, and a lens thickness L.,, and the
lens width L, and the lens thickness L, are expressed by the
following formulas:

_ Ppwlig .
T Ppw+Lp
L~ f;
and
Ly = ——py.
H ﬂPprH

with P, set to satisfy the following relation:

Ppp=mpyy,

where n is a total number of views, L~ is an interpupillary
distance, P, is a horizontal width of a transverse dis-
play unit of the smallest view image, m is a number of
sub-pixels for forming a transverse display unit of the
smallest view image and a value thereof is an integer
mz1, pyis a sub-pixel width, p,, is a sub-pixel height,
and f'is a focus of the micro lenticular lens.

60. The 3D image display device according to claim 59,
wherein any two adjacent upper and lower lens horizontal line
structures of the slantwise step micro lenticular lens array are
arranged in the horizontal direction in a manner that the lower
horizontal line structure is shifted rightwards or leftwards by
a displacement relative to the upper horizontal line structure.

61. The 3D image display device according to claim 60,
wherein the shifted displacement is p /2.
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